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The Committee on Emergency Management of the Commission on
Sociotechnical Systems was organized in February 1981, under the
sponsorship and with financial support of the Federal Emergency
Management Agency (FEMA), to conduct a study of the role of science and
technology in emergency management.

At the time of its establishment, in 1979, FEMA was assigned
responsibility for an "all hazards" approach to disaster mitigation,
preparedness, response, and recovery in the United States. A part of its
general mission calls for the practical application of research and
technology to mitigate the damaging effects of emergencies and
disasters. This involves two central, interrelated responsibilities:

(1) the active conduct of a research program of its own; and (2) the more
effective use and application of scientific and technical knowledge from
all sources to the problems of emergency management at national, state,
and local levels. The first of these responsibilities requires a
definition of the role and approach of the FEMA research program,
including the policies, strategies, options and priorities to be
followed, and interrelationships with other agencies and organizations

conducting emergency-related research. The second responsibility assumes




a capability to collate, synthesize, translate, and communicate a vast
and diverse body of scientific and technical knowledge in ways that make
this knowledge meaningful and usefﬁl in practical application.

FEMA recognized that these two responsibilities pose difficult and
complex problems for several reasons: the diversity of sponsors,
producers, and consumers of emergency research findings; the
fragmentation of scientific and technical research endeavors;
inadequacies and failures in interdisciplinary communication; and the
current lack of adequate mechanisms for assessing tﬁe needs of users and
for translating and communicating existing knowledge in a form that
various users can understand and apply.

Recognizing these and related problems, FEMA requested the assistance
of the National Academy of Sciences-National Research Council (NAS~-NRC)
in fulfilling its responsibilities in this area. Negotiations between
the two agencies resulted in a decision to conduct a study of the role of
science and technology in emergency management, with a focus on four key
questions:

1. what are the potentials for improving the contributions of
science and technology to emergency management planning, hazard
mitigation, and operations?

2. wWhat related scientific and technical research efforts and bodies
of knowledge could make a significant contribution to emergency
management policy and practice?

3. wWhat are the candidate roles that the Federal Emergency

Management Agency can consider adopting to ensure that there is a maximum

MadFmaia .
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contribution by the scientific and technological community in meeting
national emergency management needs?

4. what are the possible approaches that FEMA could use to provide ]
needed scientific and technical assistance to a broad range of public and
private institutions, and what are the advantages and disadvantages
inherent in each of these approaches?

In forming a committee to address these questions, it was apparent
that the membership should consist of a balanced mixture of (1)

professionals who had a knowledge of the scientific and technical aspects

of emergencies and disasters; (2) emergency managers at local, state, and
national levels who have operational responsibilities; and (3)
information or education specialists who are knowledgeable about the |
|
various sources of disaster-relevant information. The nine members of /
the Committee on Emergency Management, a special consultant, and the

Committee's Executive Secretary reflect these selection criteria. Brief

—

biographical sketches of each of these committee participants are given
in Appendix A.

The original plan for this study called for completion of the work in ]
two phases covering a l4-month period. Phase 1 was to include a report E
on only the first three key questions, Phase 2 was to include the fourth ?
key question plus a preliminary analysis of three specific subsidiary ’

questions. The sponsor's budgetary constraints caused the cancellation

of Phase 2 and the compression of the time to complete the study to
approximately nine months, Thus this report covers the first three key

questions less thoroughly than was originally anticipated.
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The Committee's conclusions and recommendations have been placed

first in the report for emphasis. Chapter 2 begins our analysis with an
examination of the structure and fﬁnctioning of the U.S. emergency
management system. Chapter 3 identifies the needs of the U.S. emergency
management system that most directly require the applications of science
and technology. Chapter 4 reviews the previous studies on science and
technology related to emergency management. Appendix A provides
biographical sketches of the participants in the Committee's work.
Appendix B lists and describes a number of centralized sources of
scientific and technological information relating to emergency management.

Near the end of the contract period, FEMA requested that the fourth
key question be'addressed in the first phase of the study. This was done
by commissioning Claire B. Rubin, Senior Fellow in Public Management at
the Academy for Contemporary Problems, to prepare a paper on this
subject. Her paper, entitled "Possible Approaches for the Federal
Emergency Management Agency to Disseminate Scientific and Technical
Disaster-Related Information to Public and Private Users,” shculd be
viewed as a very useful supplement to this report.

As Chairman, I thank the Committee members, individually and
collectively, for the hard work and creative energies that made this
study possible. On behalf of the Committee, I also wish to thank
Robert C. Crawford, Assistant Associate Director, Office of Civil
Preparedness, National Preparedness Program, FEMA, who served as Project
Officer and provided valuable guidance and support. He was ably assisted

by Ralph B. Swisher, Program Manager, Civil Defense Division, Office of Civil
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Preparedness, I also wish to acknowledge the assistance rendered by the
Comnittee's staff: Charles E. Fritz, Executive Secretary, was largely
responsible for launching the Committee's efforts, and he provided
valuable support and guidance throughout the course of the study. Helen
D. Johnson, Administrative Secretary, and Benita Anderson, Secretary,
handled the many administrative tasks connected with this study with

cheerful efficiency.

ROBERT W. MORSE, Chairman
Committee on Emergency Management
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CHAPTER 1

CONCLUSIONS AND RECOMMENDATIONS

BACKGROUND

The objective of the Committee's effort was to examine the role of
science and technology in emergency management* and to recommend future
kinds of research activities that should be undertaken by the Federal
Emergency Management Agency (FEMA).

This first chapter presents the Committee's conclusions and
recommendations. Other chapters of this report review three subject
areas that influenced the Committee's judgments, namely:

o The nature and functions of the emergency management

system (Chapter 2).

*The term "emergency management" is used throughout this report in a
very broad, comprehensive sense. It refers to the organizational and
operational capability to manage all types of emergencies and disasters
by coordinating the actions--whether of mitigation, preparedness,
response, or recovery--of numerous national, state, and local agencies.
Emergencies include such risks as wartime civil emergencies, natural
hazards, technological hazards, internal disturbances, and energy and
material shortages. This definition is adapted from Comprehensive
Emergency Management: A Governor's Guide by the National Governors'
Association (Washington, D.C.: NGA Center for Policy Research, May
1979), pp. 1l1-12,
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o The needs of the emergency management system and the
relevance of science and technology to meeting those
needs (Chapter 3).

O A review of past studies of emergency management

(Chapter 4).

CHARACTERISTICS OF SCIENCE AND TECHNOLOGY IN EMERGENCY MANAGEMENT
Before addressing specific issues about FEMA's possible research
activities, we state below some basic assumptions that guided the
Committee's considerations:
o In some degree, almost all science and technology
can be applied to emergency management.
o Most science and technology applicable to emergency
management will not be sponsored or conducted by
FEMA but by the private sector or by federal
agencies such as the National Science Foundation,
the National Oceanic and Atmospheric Administration,
the Department of Energy, or the Department of
Defense.
© Most problems in emergency management require the
application of fairly straightforward science or
technology and of basic management principles and
tools. Such application is especially needed at the
grass-roots level (such as in the development of

building codes or operating procedures).
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o There are a few critical areas where sophisticated
science and technology is necessary (sometimes on
short notice). For example:

--environmental predictions.

--nuclear effects.

--toxic chemicals.
--medicine and public health,

o Key issues in both the "straightforward" and the
“"sophisticated"” areas are the use and transfer of
information. Special concern must be given to the
use of sophisticated knowledge in emergency
operations where there may be little time to make
decisions.

o FEMA is the only governmental agency with
all-hazards responsibilities and with a system of
linkages to the local level. FEMA thus is in the
best position of all agencies to be aware of the
needs of users in the emergency management System.

The remainder of this chapter is divided into three parts.
First, the Committee states its central conclusions; second, we
outline a set of recommended research roles for FEMA; and
third, we outline a series of action options for FEMA's

consideration,




CENTRAL CONCLUSIONS
The Committee's central conclusions can be stated briefly
as follows:

o Better use of science and technology by the
emergency management sSyStem requires improvements in
the transfer and use of existing technical
knowledge~-~i.e., it requires better management of
technical information,

o There is a need to improve coordination among
federal agencies dealing with emergency-related
science and technology.

o There is a need for better inputs from user groups

to research programs in emergency management.

RECOMMENDED RESEARCH ROLES FOR FEMA
The Committee believes that the following points describe

an appropriate range of activities for FEMA in science and

technology:

o Conduct research and development activities in

direct support of FEMA's missions. These kinds of

programs (similar to those FEMA now supports) should
address such issues as the entire range of civil
defense problems, mitigation strategies and
practices, and problems that bear on the
effectiveness of the emergency management system.

Development of equipment should be limited to unique




-5-

items (such as fire equipment or nuclear radiation detectors)

where there are no other sponsors.

o Take a leadership role in setting research

objectives in emergency management within the

federal government. This recommendation recognizes

FEMA's unique responsibility in the federal
structure as well as the fact that most research
will be sponsored by other agencies. This
recommendation, however, does not imply that FEMA
should manage or otherwise control the programs of
other agencies.

o Establish a contingency fund to support

interdisciplinary field research of actual

disasters. Research programs in emergency
management would be strengthened if there were
contingency funds that would enable qualified
research groups to take advantage of the
circumstances offered by a wide variety of
emergencies and disasters whose time and place of

occurrence cannot be accurately forecast.*

*The Natural Hazards Research and Applications Information Center at
the University of Colorado currently has a small amount of money to
support exploratory field research, but the amounts available to fund any
given project are insufficient to support the needed large-scale,
systematic field studies. The Committee on Natural Disasters of the
National Academy of Sciences-National Research Council also has funds for
field research, but these are limited to engineering-type studies of
natural disasters.
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o Develop and maintain a system for expressing the

needs of users in the planning of research in

emergency management. The Committee believes that

there is a wide gap between the research community
in emergency management and the user community
(legislators, planners, local emergency managers,
etc.). FEMA is in a unique position to close that

gap.

Interpret and disseminate important research results

to user groups. This recommendation, in a sense, is

the inverse of the previous one. It recognizes that

research results have little practical impact

(except on other researchers) unless special efforts

are made. There are no "natural® channels by which
research results influence the broad community
involved in emergency management,

Develop and maintain a system whereby emergency

managers at all levels can have direct and quick

access to technical knowledge in a wide range of

fields. The fulfillment of this recommendation
clearly must be met in stages, but the Committee

feels that it is an extremely important long-range

objective.

e o




-7-

ACTION OPTIONS FOR FEMA

The Committee recognizes that the recommendations made

above are not easily accomplished. Clearly, it is easier to
point to deficiencies in the transfer of information than it is
to construct effective remedies. We recognize, too, that there
is no unique approach to some of these objectives, so a variety
of options are suggested:

o FEMA should consider convening periodic interagency
meetings, or jointly sponsoring symposia or
workshops, that would help establish research
objectives in emergency management within the
federal government.

o FEMA should consider organizing periodic conferences
of user groups, perhaps convened through regional
offices, to provide inputs to research directions.

o FEMA should consider making occasional major review
efforts (perhaps one each year) that would address
the potential applicability of new technologies in
emergency management. These should involve
governmental, industrial, and academic
participants. Two suggested areas for consideration
are applications of new technologies to manage

information, and applications of remote sensing.




© FEMA should consider developing an emergency
management information center that could provide
access to emergency management data via computers \
and to other relevant data systems.*
Initially this should be intended to meet only the

needs of FEMA headquarters and the regional

centers., The system should be designed for later
expansion to serve a wider community.

o FEMA should consider developing and maintaining a
system whereby the headquarters and regional offices

could have direct and quick access to scientific and %

technical experts in a variety of fields. This 1
(
recommendation recognizes that no computer-based y
information system can provide expert, interpreted :
advice. There are many situations when decisions in
an operational situation require the firsthand
advice of the most knowledgeable people. L

o FEMA should consider establishing a research user

advisory group, composed of emergency managers from
local, state, and regional levels. This group would
suggest needed research, review FEMA's proposed
research plans, and advise FEMA on methods for

implementing research findings.

that can be accessed via computers. This appendix also lists other
centralized soutrces of scientific and technological information relating

J
'; *See Appendix B for a listing and description of relevant data bases !
) 2
&
to emergency management. ;

3
¢
!
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o FEMA should consider establishing a national

i

scientific advisory group to assist FEMA directly in
its emergency problems and to advise FEMA in

developing a network of scientific emergency

advisors.
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CHAPTER 2

THE U.S. EMERGENCY MANAGEMENT SYSTEM

INTRODUCTION

In recent years there has been an increasing concern, both on the part
of the public and governmental officials, with the consequences of natural
and man-made disasters. ‘'The accident at the Three Mile Island nuclear
power plant and the eruption of Mount St. Helens emphasize the potential
vulnerability of large segments of the population and the need for prompt
and coordinated responses to ensure public safety. At the same time,
these events underscore the need to devise and adopt appropriate
preventive measures to reduce the probability of man-made disasters and
the negative consequences of natural disasters. Furthermore, it is
becoming apparent that potential risks from man-made or technological
sources are increasing as existing technologies grow and change and new
technologies develop. The public, as well as government at all levels, is
sensitive to the facts that the number and varieties of hazardous
materials shipped by land, sea, and air are increasing, that the number of
nuclear power plants is increasing, and that new energy technologies bring
with them new and different risks to public health and safety. Also,
these developments are taking place against a backdrop of continuing risks

associated with nuclear attack, civil disorder, and natural hagzards, the

«10-
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potential consequences of which are being exacerbated by increases in
population size and density, by changes in the age structure (increases in
average age), and by economic uncertainty.

The Federal Emergency Management Agency (FEMA) was organized to be the
single point of contact at the federal level to deal with all
emergencies. It has the responsibility to implement federal programs
involved with preparedness, mitigation, response, and recovery for
emergencies ranging from natural and man-made disasters to nuclear
attack. Specifically, the director of FEMA has been delegated the
authority to administer the Disaster Relief Act of 1974, PL 93-288.
Section 201 of that act states in part:

Sec. 201(a) - The President is authorized to establish a

program of disaster preparedness that utilizes services of

all appropriate agencies (including the Defense Civil

Preparedness Agency) and includes

(1) preparation of disaster preparedness plans for

mitigation, warning, emergency operations,
rehabilitation, and recovery:;

(2) training and exercises;

(3) post-disaster critiques and evaluations;

(4) annual review of programs;

(5) coordination of Federal, State, and local preparedness

programs;

(6) application of science and technology;

(7) research
Items 6 and 7 clearly give FEMA the authority to incorporate science,
technology, and research into an overall emergency management program.

This chapter briefly describes the system through which comprehensive
emergency management is put into practice in the United States, The
discussion of the U.S. emergency management system is divided into two
parts: first, the tasks to be accomplished by the U.S. emergency

management system are defined, and, second, the components of the system

are described and their interrelationships are explored.

ey




-12~

THE EMERGENCY MANAGEMENT SYSTEM

Some would say that it is presumptuous to speak of an emergency
management system in the United States. The term "system" suggests an
integrated collection of components, with defined and agreed-upon

obligations and responsibilities, that interact in concert to achieve a

fm e -

given goal. Emergency management in the United States is still
fragmented and incomplete, but there appear to be both a desire and a

plan, particularly on the part of the federal government and _he states,

to move toward establishing an emergency management system. Thus

; emergency management has been changing and evolving, particularly since

the late 1970s.

The sections that follow describe both what is and what may be. /A
1
Links not now present are described as such, and problems are

appropriately identified. Since emergency management comprises a complex

and extensive set of agencies, programs, and interrelationships, the bj
present discussion is necessarily both compressed and simplified. It EA
should be noted that the charge to the Committee did not include an

evaluation of the effectiveness of the U.S. emergency management System.
Rather, in the ensuing discussion we have tried to construct a model of 4

how the system should function when fully developed.

Emergency Management Tasks
Comprehensive emergency management directs attention to the full
range of options for coping with emergencies. Emergency-related N

activities may be grouped in various ways that reflect differing levels
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of specificity and take into account differing conceptions of the time
phases in emergency management. One such schema groups emergency-related
activities into four discrete but interconnected categories distinguished
by the time phases of a disaster's impact: mitigation, preparedness,
response, and recovery (National Governors' Association, 1978),

Mitigation activities are directed, where possible, toward
eliminating the causes of disasters or significantly reducing the chances
that a disaster will occur. The focus here is on prevention--i.e.,
stopping disasters before they happen. 1In this sense, mitigation
activities have been most effectively employed for technological hazards
in which, once a hazard or threat is identified, it is sufficiently
subject to human control that steps can be taken to minimize the
probability of an incident. For example, with respect to the
transportation of hazardous materials by highway, the probability of
risks to public health and safety can be minimized by establishing rules
regarding the strength and construction of containers, by checking the
safety of transport vehicles, by routing vehicles through low-density
population areas, and by timing shipments to coincide with periods of low
activity in urban areas.

Another mitigation strategy, often used with natural hazards or other
events over which humans have little control, involves simply acknowl-
edging the existence of the hazard and manipulating human patterns of use
in ways that minimize the consequences of impact. Thus management

strategies in land use that restrict residential construction in

o
}

i 2
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floodplains are important mitigation measures against riverine floods.

Likewise, building codes can be established to enable structures to
better withstand hurricane-force winds or earthquake shocks. «
All of these mitigation activities are long-range measures; they are

taken well in advance, either in response to a specific disaster or after

a risk has been identified, and they are aimed at reducing a hazard or,
more simply, at minimizing the chance that an incident will become a

disaster. It is interesting that, in the history of attempts at

emergency management in the United States, the smallest share of
resources has traditionally been devoted to mitigation activities.

Intimately related to mitigation measures are disaster preparedness

it

activities. These are activities undertaken to protect human lives and

property from threats that cannot be manipulated via mitigation measures
or from which only partial protection may be achieved. Preparedness
activities may be divided into two general categories: actions providing
an alert that an impact is imminent, and actions enhancing the
effectiveness of emergency operations. Preparedness measures that
provide an alert include the development and improvement of detection and »
prediction technologies that can alert authorities to the presence of
threats. Among such technologies are riverine flood detection systems,
radar systems to detect and track severe storms, and equipment designed
to detect functional and coolant irregularities in nuclear power plants
used to generate electricity. Warning systems that convey information ]
from authorities to the publi.-~regarding, for example, tornadoes, ?

tsunamis, hurricanes, etc.~--also fall into this category. Preparedness §

measures aimed at enhancing emergency operations include a variety of

St
P




-15=-

activities, such as developing routing plans for evacuations, stockpiling
material for shelters, assembling lists of resources and their locations,

training personnel, and conducting drills or rehearsals of emergency

plans.

Therefore, like mitigation measures, preparedness activities are
conducted or undertaken in advance of disasters. They represent ways of
protecting life and property when disasters strike. However, it has been |
documented that preparedness activities have historically received
relatively few resources compared with response and recovery activities.

There is a general cycle in which a great deal of interest in
preparedness issues is generated immediately following a major disaster,
but as time passes this interest declines significantly. Because
translating concern into budget allocations and programs that can
feasibly be implemented often requires considerable time, traditional
emphasis in this area has been low. In developing the concept of
comprehensive emergency management, a concerted effort has been made to
establish the importance of both mitigation and preparedness activities.

Emergency response activities are conducted during and immediately
after the perind of impact and focus on assisting the affected public as
well as on minimizing damage from secondary effects or repeated impacts.

Some of the more visible response activities include search and rescue,
emergency medical care, and shelter for evacuees and other victims.

Also, operations may be mounted to counter secondary threats, such as
urban fires in earthquakes, contaminated water supplies or other public
health threats in hurricanes, contaminated wildlife or fish after a toxic

chemical spill, or f